Abstract: Pesticides are among the most extensively used chemicals in the world today and they are also among the most hazardous compounds for the human. This study was designed to use the plasmid relaxation assay to describe the association of markers of DNA damage with pesticide exposure. The DNA damage activity of fluoxastrobin and imazamox were checked on pBluescript M13+ plasmid DNA (3.2 kb) in the absence and presence of Cu(II) ions. It has been found that the fluoxastrobin and imazamox can cleavage plasmid DNA in the absence and presence of Cu(II) ions. DNA cleavage was found to be concentration-and time-dependent. In conclusion, the present study showed that fluoxastrobin and imazamox can damage DNA, which warrants for further investigations to correctly evaluate the hazards of exposure to these chemicals.
INTRODUCTION
Though extreme anthropogenic activities bring about innumerable accumulation of xenobiotics in biosphere (1, 2) , especially pesticides are designed specifically to kill the organisms. Therefore, they are one of the most dangerous chemical compounds (3) .
Pesticides have to comply with a demand: a high degree of toxicity for only target organisms, but synthetic pesticides are quite inadequate in this respect (4) . Pesticides consist of a heterogeneous class of chemicals, developed for the purpose of controlling pests, requisite in modern agriculture, but numerous studies available in the literature are with regard to their genotoxicity (5) .
The primary risk factor is the genotoxic potential for long-term effects such as carcinogenic and reproductive toxicology. Most of the pesticides have been tried in a wide range of mutagenicity assays covering gene mutation, DNA damage and chromosomal alteration (6) .
Fluoxastrobin is a new strobilurin-type fungicide and it has a broad spectrum of activity against many fungal diseases. It is known that Fluoxastrobin has been registered for foliar utilization on corn vegetables, peanuts, and tuberous, fruiting vegetables, leaf petiole vegetables, and turf, as well as peanut.
Imazamox is a widely used herbicide in the imidazolinone herbicide family and inhibits the acetolactate synthase enzyme, which is critical for the synthesis of the amino acids valine, leucine, and isoleucine in plants.
In field crops, imazamox is effective against a large variety of grass and broadleaf weeds, including downy brome, red rice, shattercanech, jointed goatgrass, wild mustards, common ragweed, common lambsquarters, and others. Pesticides tend to accumulate in the environment and organisms.
It was reported that the amount of pesticide utilized was approximately 2.4 million tons in both 2006 and 2007, with herbicides calculating for the largest part of the total use, followed by other pesticides, fungicides, and insecticides (7) . Distinct agriculture applications practised in agricultural areas of the extensive farming inside of hothouses (most especially close the seaboard) and another hand conventional agriculture, which accounts for a heterogeneous type of pesticide use (8) . Experimental input demonstrated that numerous pesticides had mutagenic qualities causing genetical chromosomal alteration, DNA damage, or mutation (9).
Pesticides exposure caused increasing incidence of cancer, endocrine disorders, neurodegenerative disorders, birth defects, reproductive disorders, Parkinson, Alzheimer, diabetes, cardiovascular diseases, chronic nephropathies, and chronic respiratory disease 
MATERIALS AND METHODS

Chemicals
Fluoxastrobin, Imazamox, acetone, agarose, bromophenol blue, copper(II) chloride, sodium chloride, ethylenediaminetetraacetic acid (EDTA), glacial acetic acid, and trisma base were purchased from Sigma-Aldrich (St Louis, MO) and ethidium bromide was obtained from Amresco LLC (Solon, OH). Plasmid miniprep kit was obtained from Qiagene (Valencia, CA).
Purification of Plasmid DNA
Genejet plasmid mini preparation kit was used to isolate the pBluescript M13+ plasmid DNA. U.V spectroscopy was used to checked the purity of plasmid DNA. DNA concentration is estimated by measuring the absorbance at 260 nm. (A260 = 1.0 for 50 µg/mL).
DNA Damage with Fluoxastrobin and Imazamox
This study was designed to use the plasmid relaxation assay to describe the association of markers of DNA damage with pesticide exposure (11) . DNA cleavege activity of fluoxastrobin and imazamox were checked in the absence and presence of Cu(II) ions on pBluescript M13+ plasmid DNA (3.2 kb) by agarose gel electrophoresis according to Çeken (12) . 0.5-mL Eppendorf tubes which were covered with aluminum foil were used for the reactions and for protecting the samples from light. All reactions were performed in a volume of 10 µL, containing 200 ng of pBluescript M13+ plasmid DNA at room temperature, in phosphate buffer (pH 7.4; 14.29 mM NaCl, 7.14 mM phosphate). Fluoxastrobin and Imazamox (50, 100, 150, 200, 250 μg/mL) were added in the absence and presence of (II) at a final concentration of 100 µΜ. Electrophoresis was performed in the presence of ethidium bromide (10 mg/mL), at 60 V for 90 minutes.
In this experiment, we take advantage of the fact that double-stranded plasmid DNA molecules generally exhibit three conformations that reflect the integrity of the DNA: 
Densitometric analysis
Gel documentation system was used for scanning to the gel (Gel-Doc-XR; BioRad).
RESULTS AND DISCUSSION
In order to assess whether prolonged exposure to pesticides in the presence of metal ions could lead to an increase in genetic damage, plasmid DNA exposed to pesticides were evaluated using plasmid relaxation assay.
Excessive use of pesticides in agricultural or domestic areas results in environmental contamination. Though pesticides have significant contributions for the elimination of the harmful effects of pests on plant, animal, and human, they have toxic effects on the nontarget organism.
It has been clearly demonstrated that pesticidal toxicity alters a variety of physiological functions. Additionally, evidence has shown that pesticide exposure can promote the risk of neurodegenerative diseases and cancer.
Recent evidence also suggests that the pesticides which act as endocrine disruptors have the ability to cause diverse side effect regarded to developmental toxicity and reproductive. Therefore, it is now evident that research towards understanding how pesticides effect the progression and development of disease will cause to further improvements in public health.
In the literature, chlorpyrifos, methyl parathion, and malathion were investigated for their DNA damage activities (13, 14). However, there is no study with new generation pesticides.
Therefore, in this study we used the plasmid relaxation assay to describe the association of markers of DNA damage with fluoxastrobin and imazamox exposure. Plasmid relaxation assay is a cheap and fast method to explain the toxic effect of pesticide. Oxidative damage to DNA is one of the most important mechanisms in the initiation of cancer such damage is sometimes caused by pesticides.
This study is the first to investigate the role of metal ion (copper) in the observed toxic action of pesticides. It is known that copper has the ability to capable of mediating the action of several phenolic compounds producing reactive oxygen and other radicals (15).
Since copper exists in the nucleus and is closely associated with chromosomes and DNA bases, in this study we have investigated whether the activation of pesticides such as fluoxastrobin and imazamox by copper can induce strand breaks in DNA. Copper salts have been used extensively as fungicides for a long time so that it is very important to investigate the effects of the combination of copper with other pesticides (16) .
The role of fluoxastrobin and imazamox DNA damage was evaluated, and the exposure time is presented in Figure 1 Copper is widely distributed in nature and is an essential element. Acute poisoning occurs most frequently from the ingestion of copper sulfate or other copper salts, and hepatic necrosis is characteristic of copper poisoning. The redox properties of copper and iron complexes of adriamycin, bleomycin, and thiosemicarbazones have been investigated by electron spin resonance spectroscopy (ESR) (17) .
A common property of these metal complexes is their ability to be readily reduced by thiol compounds and oxidized by iron or reduced species of iron to produce free radicals. Copper is also a common cofactor for many enzymes including oxidases and oxygenases (18) .
Similar to iron, copper acts as a catalyst in the formation of reactive oxygen species and catalyzes peroxidation of membrane lipids (19) . The metal ions present in some pesticides and fertilizers (20) may interfere with DNA repair and produce reactive oxygen species (ROS), leading to oxidative damage (6) . The pesticide-metal ion-DNA associations might contribute to genotoxicity.
The individual and the combined toxicity of pesticides and metals were studied by Bhuvaneshwari et al. (2012) . They observed that pesticides, metal ions, and a mixture of them caused DNA damage and this damage inducts mutation in the GADD45β gene (21) .
The cleavage of DNA was found to depend on both the concentration of pesticide and the reaction time (24-48 h). Our results indicate that both pesticides used in this study have the ability to damage plasmid DNA in the absence and the presence of metal ions.
Therefore, further detailed evaluation of genotoxicity is thus required. 
